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ledge  to  form  the  basis  for  development  cf  improved  instru- 
mentation  systems,  components,  and  subsystems. 


AGKNOWLEDGMQJTS 


Any  study  utilizing  equipment  &b  complex  as  that  utilized  in 
this  study  requires  a  coordinated  effort  of  a  highly  trained 
team  of  both  engineers  and  human  factors  personnel.  The  final 
report  of  such  a  study  is  the  documentation  of  the  skills  and 
educations  brought  to  bear  on  an  eafperimental  problem  by  this 
team.  It  is  the  desire  of  the  writers  to  thank  herewith  those 
persons  who  have  contributed  t©  a  large  extent  to  the  success”' 
ful  completion  of  this  study:  Mr,  Joseph  Sgro,  Mr.*,  James 
Cavender,  Mr,  Ralph  Absoloot,  Hr.  Donald  Swope. 


ABSTRACT 


The  study  reported  in  this  document  was  an  aMperirnenta  1  approach 
to  the  comparison  of  visual  free  time  that  results  in  the  pilot 
task,  when  flying  standard  instruments  and  when  flying  the 
contact  analog  vertical  display.  The  investigation  was  con- 
ducted  under  th®  direction  of  the  Joint  Army  Navy  Aircraft  In** 
struiBentation  Research  Program  and  funded  under  ONR  Contract  Nonr 
1670(00).  The  standard  instruraentation  used  in  the  study  was 
an  instrument  panel  eottsposed  of  an  airspeed  indicator,  an 
altimeters  a  compass,  an  attitude  indicator,  0  rate  of  climb 
meter,  and  a  cross  pointer  position  indicator.  The  contact 
analog  vertical  display  Investigated  was  built  to  Bell-JANAIR 
specifications  by  the  Norden  Division  of  United  Aircraft  Corpo¬ 
ration  for  the  JANAIR  program.  The  task,  performed  in  the  Bell 
Helicopter  Company  dynamic  flight  simulator,  requii'ed  pilot  Ss 
to  fly  B  command  altitude,  heading,  course,  and  airspeed.  This 
was  performed  with  both  flight  display  si^steroa.  In  addition, 
the  pilot  was  required  to  reed  digit®  which  were  programed  to 

appear  on  &  separate  display  at  varying  rates.  An  indes?  of  the _ 

vl^_uaL-time-^a liable-  wa®  -obtaiited— 

digits  in  addition  to  perforEiing  th®  flight  t@sk« 

Measures  of  performance  included  absolute  integrated  error 
scores  of  airspeed,  altitude,  heading  and  track  deviations. 

Results  indicate  that,  in  general,  under  the  control  corsdition 
(no  digits)  end  the  slowest  reading  rate  condition  (80  digits 
per  3  minute  period)  no  statistically  sigrsif icasit  differences 
in  perfortBance  scores  existed  on  the  two  display  panels.  As 
the  reading  rates  increased  progressively  to  the  fastest  rate 
(360  digits  per  3  minute  period)  performance,  in  general,  an 
the  vertical  display  remained  relatively  stable,  while  per- 
formance  error  scores  ©n  the  standard  instruments  increased 
proportionately  with  increased  reading  rates. 

A  discussion  of  the  x'esults  is  inelijded. 


iv 


w*.''r  ,:• 

'  ;  /  -•'  v:  ’  ‘ 


f  ■«es3-«i. 


V 


TABLE  OF  contents 


INTRODUCTION, 


TASK  VARIABLES.  .  . 


III.  EXPERII-OsTAL  APPARATUS. 


o  •  a  o 


IV.  SUBJECTS. 


O  «  <*  9  «> 


V.  PROCEDURE  .......... 

A.  Task  and  Training  .  .  .  , 

B.  Design  and  Test  Sessions, 
G«  Mea.^ures  of  Perf orsrtanee  . 
D.  Method  of  Analysis.  .  .  . 


VI.  FiESULTS 


«»  4  w  e  0 


VII.  DISCUSSION, 


VIII,  SU1#^Y 


IX.  REFERENCES,  , 


APPENDICES 


Eqislpiaent  Ekiscrlption  of 
Randora  Number  Generator 


ijc  B  -  Instructions  to  “  Trairsing 


Appendix  G  ■“  Instructions  to  S_s  =■  Test 
trials 


ix  D  ~  Swsmaries  to  Analysis  of 
Variance 


ix  E  “  Siimraaries  of  Multiple  Range 
Teat 


D  IS  TR I  BUI’ ION  LIST 


V 


LIST  OF  FIGURES 


Page 

Sketch  ot  cabin  of  dynamic  platform 
simulator  showing  contact  analog  display 
at  left  and  standai'd  instrument  display 
at  right  6 

Mean  absolute  error  of  altitude  for  SI  and 
VD  under  five  conditions  of  numeric  pre- 
sentations  per  minute  of  additional  visual 
information  14 

Mean  absolute  error  of  heading  for  SI  and 
VD  under  five  conditions  of  nmrseric  pre” 
sentetions  per  minute  of  additional  visual 
information  15 

Mean  absolute  error  of  airspeed  for  SI  and 
VD  under  five  conditions  of  numeric 
mentations  per  minute  of  additional  visual 
information  16 

Mean  absolute  error  of  lateral  displacement 
for  SI  and  VD  under  five  conditions  of 
numeric  presentations  per  minute  of  additional 
visual  information  17 


Mean  absolute  error  of  coa^bined  error  score 
for  SI  and  VD  under  five  conditions  of 
numeric  presentations  per  minute  of  additional 
visual  inforaiation  IS 


•so 


Random  Number  Generator 


la  1)  ]  e 
I. 
II. 


LIST  OF  TABLES 


Order  ol  Presentation  oi  Test  Conditions  12 

ComparisoT!  of  SI  and  VD  Error  Differences 
under  Each  ol  Five  Reading  Rates  19 


III. 


Comparison  of  Increased  Reading  Rates  as 
Reflected  by  SI  and  VD  Errors 


i.  IN  I'ROI'Llc  riOK 


i  ]  i^tit  by  instrument,  rlight  rules  til’RI  utili^issg  the  standard 
tlicht  jnstruments  is  one  of  the  most  exacting  tasks  in  the 
repertoire  of  human  performance.  It  currently  involves  the 
■;'oi lection  of  data  from  a  variety  of  flight  instruments.  These 
Jala  are  then  interpreted  through  some  cerebr&l  mixing  process 
and  subsequently  a  relationship  of  the  |>os..'tion  and  attitude 
ot  vehicle  in  three  dimensional  space  is  obtained  and  the. 
pilot  responds  to  this  information. 

The  visual  displays  of  the  standard  flight  information  on  the 
instrument  panel  and  the  resulting  mental  picture  are  quite 
different.  In  order  to  formulate  one  from  the  other  requires 
a  time  period  up  to  several  seconds.  This  changes  with,  practice 
so  that  with  experience  the  pilot  is  able  to  reduce  it.  Never¬ 
theless,  a  ti.me  lapse  exists  which  is  of  paramount  importance 
in  the  precision  of  control  of  aircraft.  During  letdowns  and 
’’break  outs”  from  an  overcast  the  visibility  at  cloud  base  is 
often  poor  and  visual  reference  with  the  ground  is  int‘»rmittent , 
In  such  a  condition  the  pilot  cannot  forsake  the  instrument 
scanning  technique  and  transfer  to  the  full  pictorial  display 
of  the  contact  twrld.  If  he  does  then  these  few  seconds  which 
it  takes  him  to  regain  his  IFR  orientation  in  the  event  he  re¬ 
enters  IFR  conditions  causes  him  difficulty  in  navigation  and 
control.  Accident  data  indicate  this  as  a  distinct  problem  in 
flight,..  .Experienced— pilots  know  -that  -partial  IFR  is  not  pos- 
sible.  To  attempt  it  is  to  invite  trouble. 

The  JANAIR  flight  instrwient  systara  was  conceptualized  and 
developed  in  the  hope  that  the  difficulty  in  interpreting  the 
conventional  displays,  as  outlined  in  the  discus.sion  above, 
could  be  reduced.  The  pictorial  vertical  display  should  pre¬ 
sent  cues  similar  or  identical  to  those  used  on  flight  by 
visual  reference  to  the  ground  (visiial  flight  rules,  VFR). 

This  type  of  display  should  then  slicit  performance  which  is 
fully  learned  or  stereotypic  of  the  pilot's  normal  flight 
responses.  The  perceptual  s’nift  or  time  lapse  between  two 
types  of  flight  cues  (VFR  and  standard  IFR  instruments)  should 
be  eliminated. 

The  literature  indicates  many  advantages  in  this  type  of  display. 
Grether,  in  1947,  indicated  the  superiority  of  pictorial  displays 
over  symbolic  displays.  Ritchie  (1955)  has  defined  and  dis¬ 
cussed  the  advantage.,  of  an  integrated  display,  i,e.  one  in 
which  vehicle  performance  parameters,  which  arc  often  segregated 
for  display,  are  presented  so  that  the  operator  may  respond 
to  the  dual  or  multi-channel  information  with  a  single,  response 
movement . 


If  the  pictorial  displays  incorporate  such  an  ”integrati-ng" 
feature,  then  it  may  be  rationalised  that  the  time  to  interpret 


the  display  and  lesipond  will  be  less  with  the  pictorial  display 
than  thi?t  which  is  needed  for  the  segregated  information  pre¬ 
sent  at  ion , 

The  "real  world’’  pictorial  presentation  of  VP’R  flight  may  be 
interpreted  as  such  an  "integrated"  display.  The  JANAIR  contact 
analog  may  also  be  defined  as  stich  a  display. 

With  e  pictorial  display  it  may  be  true  that  the  experienced 
pilot  does  nor  have  to  respond  to  each  individual  presentation 
of  Information.  He  is  not  required  to  obtain  his  information 
in  d iscrete  places .  He,  thex-efore,  may  have  additional  or 
■unused  visual  scanning-  time. 

Some  evidence  is  available  to  indicate  that  full  use  is  made  of 
the  pilot's  perceptual  process  with  the  standard  IFR  flight  in“ 
struments.  Studies  have  been  conducted  where  eye  movements  of 
pilots  were  photographed  in  flight.  Eye  movements  under  a 
number  of  different  conditions  are  reported  by  Fitts,  Milton 
and  Jones  iri'  a  series  of  ni.ne  reports.  Geinei*  and  Rosinia 
(1962)  later  reported  on  pilot  eye  fixations  in.  flying  selected 
maneuvers  using  two  diffar-ant  ins tr'ument  ,  panels. 

The  data  from  these  studies  indicated  that  there  is  a  fantastically 
high  frequency  of  cross  checking  necessary  during  all  segments  of 
standard  irsstrument  flight  and  very  .short  eye  fixations  pei'  in¬ 
strument.  The  pilot's  visual  capabilities,,  in  these  conditions, 
are  utilized  completely. 

A  process  of  determining  information  sources  and  fixation  time 

such  as  those  reported-  would  b©  impracticable  with  a  pictorial _ 

■  display-  «uoh  aa  --the-JAhlA^-contrac^^^snalogi:  “TThs^ihdivTdual 
source  of  flight  information  was  not  so  much  of  interest  to  this 
pregram  as  was  the  ability  of  the  pilot  to  perform  in  ©n  equal  or 
superior  fashion,  thus  to  lesrrs  of  his  capability  to  receive 
other  information  or  duties,  Thii  study  was  directed  at  answer- 
ing  such  a  question,  i.«e,,  what  is  the  perceptml  work  load 
posed  on  the  pilot  using  the  JAMIR  flight  display  as  compared 
with  standard  flight  instruments. 
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11. 


TASK  VARIABLES 


The  criterion  imposed  upon  instrument  flying  requires  the  air¬ 
craft  operator  to  assimilate  a  host  of  infonnation  displayed 
before  him  on  an  instrument  panel  reflecting  the  aircraft's 
momentary  situation.  The  manner  in  which  this  information  is 
utilized  varies  from  one  flight  maneuver  to  another'  as  does 
the  visual  scanning  pattern  and  the  time  required  to  assimilate 
information. 

Vlhen  an  effort  is  made  to  evaluat&-seleated  inshruraent  display 
systems  for  flight  capabilities,  assumptions  of  display  validity 
are  interpreted  from  the  flight  performance  measured  on  selected 
flight  tasks  that  are  representative.  In  this  study  a  cruise  or 
straight  and  le'vel  task  was  selected.  Performance  data  'on  two 
display  configurations  were  collected  until  equality  was  indi¬ 
cated.  Display  effectiveness  was  then  measured  on. .the  ability 
to  maintain  performance  and  accept  additional  task  loads. 

Basic  Task  Criterion 

I 

The  selection  of  a  realistic  criterion  for^  irsstrurnent  flight 
standards  for  display  evaluation  is  somewhat. arbitrary.  A  number 
of  factors  must  be  considered,  among  which  are;  (1)'  the  level  of 
training  of  the  S_s ,  (2)  amount  of  prior 'instrument  time  brought 
into  the  experiment  by  the  SSf  (3)  difficulty  in"  the .  control  of 
the  vehicle  (either  inherent  or  itssposed  by  forcing  functions!*'., 
etc.  In  order  to  satisfy  a  realistic  criterion,  the  F.A.A. 
standards  for  an  instrument  flight  rating  were  selected.  These 
stipulat^^ha_t^xjafici*aub  -perf-orraeBce  i.n-^Te-Tm8itrtsimhca.“of 
certain  flight  parameters  must  be  met  before  instrmiient  flight 
standards  have  been  satisfied.  The  Federal  Air  Regulations  fo 
demonstration  of  aeronautical  skill  for  straight  and  level 
flight  on  instrifflienta  is  perfoiiiiaace  within  degrees  of  proper 
heading,  ilOO  feet  in  altitude  end  tlO knots  in  airspeed  (Flight 
Instructors  Handbook).  In  the  present  stuciy  pre-t.est  data 
indicated  that  S_s  could  control  the  simulated  aircraft  within  the 
prescribed  limits  of  +_5  degrees  of  proper  heading,  _+50  feet  alti- 
t-ude  and  ^5  knots  air¥peed.  This  criteria  was  therefore  selected, 
S_s  wex'e  required  to  meet  it  using  both  the  standard  panel  and 
the  JAN.4IR  flight  display.  The  criteria  for  this  study  was 
thus  more  stringent  than  F.A.A,  minimuras. 

Prior  to  the  experiment  proper,  the  Ss  practiced  the  task  until 
they  were  consistently  pei'forming  within  the  criterion  for 
altitude,  airspeed,  heading  and  track  on  each  instrument  display 
system.  Track  on  the  vertical  display  was  presented  in  the  form 
of  a  flight  pathway.  On  the  standard  instrumentation  system  it 
was  presented  on  a  cross  pointer  position  meter.  The  criterion 
limit  for  each  display  system  was  _^50  feet  lateral  deviation 
from  the  desired  track. 
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Once  proficiency  was  dernor;st rated  by  each  S  or  the  basic  task 
of  holding  eltitude,  airspeed,  heading  and  track,  he  was  con- 
s.ider*' d  trained  to  participate  in  the  e5<per iment  proper.  Demon¬ 
stration  of  proficiency  was  ascertained  by  requiring  each  S  to 
perform  three  consecutive  3  minute  trials  within  the  criterion 
limits  on  each  of  the  parameters  on  each  instrument  display 
system. 

Digit  Reading  Rates 

In  evaluating  standard  instruasantar ion  with  th«  contact  analog 
ruftce-SHirry -to  devi®e.-a aethod  ^or' 
the  visual  free  tirae  which  the  Ss  could  devote  to  sn  sdditlQ-n6,l" 
task  while  performing  the  basic'°"instrtiitiient  flight  task,  Seve.ral 
possibilities  of  an  additional  task  to  be  performed  ware 
ined,  A  method  wita  needed  which  would  require  ey.posure  for  each 
S  and  'would  not  permit  the  S  fc©  draw  upon  learned  wbrd  fortps^tlQU. 

method  selected  require?  the  Sm  to  read’'unitary’  ''digitej  pre¬ 
sented  in  a  random  fashion  on  a  '’ni^ie  tube’''-2t''y®rious  ■  rate-®*, . 

On  each  of  the  various  reading  rates  esspusure  time  was  ,h,eld 
constant  at  aeconds^  H't©  various  reading  rates 'were  defined 
■  the  interval,  between  the  presentation  of  the  digits.  The';.- 
total' niuaber  of  digits  to  be  re»d  during  h  3  minute'  trial  was 
thus  ®.,  function  of  the  interval  of  time  between  the  prefsentetlon/. 
of  the 'digits.  .  '  "  '  ...x.,  v. 

The  various  reading  rate*?  were  as  follows,  ■  ,■■■ 

Total  No,' Fre®«nt,ed 

Condition  Intet^val  Between  No.  (See,)  Per  Tt'd’a  1. ^  ■ _ 

A  -  '  ■  ■ 

B  "  1.73  80 

C  1.0  120  ,  , 

D  .4  .  •  200  • 

E  0.0  360' 

Condition  A  served  as  a  control  condition  in  which  no  digits  ' 
were  presersted. 
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III.  EXPERIMENTAL  APPARATUS 


The  experiment  was  condticted  in  the  Bell  Helicopter  Gompany 
Flight  Siraulation  Laboratory  u.^ing  the  dynamic  flight  platform 
which  was  programed  to  simulate  helicopter  motion  characteristics 
in  pitch,  rolls  "heave".  The  equations  of  motion  used 

in  the  study  represent^.d  the  laoveaient  of  &  Bell  UH-IA  helicopter. 
An  analog  computer  provided  driving  aigisals  from  the  servo  actua¬ 
tor  of  the  simtilator  platform. 


The  simulator  cabin  was  equipped  with  two  pilot’s  seats,  situated 
laterally  adjacent  to  each  other.  Each  seat  was  provided  with  a 
collective'  control,  cyclic  stick  and  foot  pedals.  The  controls 
were  conventional  in  conf igurationj  placement  and  function.  The 
simulator  cabin  also  possessed  the  features  of  cabin  vibration 
and  engine  and  x'otor  noise. 

Detailed  descriptions  of  the  platfora  are  found  ir*  Willis  (1960 ^ 
■19.62)  and  Fedderson  (1962),  Tlie  equations  of  motion  were  derived 
from  Air  Force  Flight  Test  Data  (Caldron  and  Balfe,  I960)  and 
reported  by  Kelley  (1963), 

r 

A.  The  Contact  Analog  Vertical  Display 

Till  I  — lii  l^^lOn^-— -i~^-rtTi>*TMTnf~»*~'T-nf~i-ai  in  iiii-fiir^iTriiriTmiM  ~~rni~<ni 

The  vertical  display  used  in  the  study  was  s  pictorial  encodement 
of- the  real  world,  'The  display  signal  generator  system,  described 
in  a  ■'Nordert  Technical  Report  (1963),  provided  a  variety  of  inputs 

— €effiputed— atrtirtide^mfpr'^ 
Sitioii  in  pitch  a.nd  roll  were  displayed  In  the  fona  of  an  earth 
stabilized,  horizon,  Tlte  transformation  of  earth  coordinate  posi¬ 
tions  irto  appropriate  display  screen  coordinates  were  computed 
utilizing  velocity  signals  integrated  to  provide  position  of  th® 
grid.  From  these  signals  to  the  grid  plane,  information  with 
■regard  to  heading,  translation  and  altitude  could  be  presented. 

A'  flight  pathway  could  be  displayed  utilizing  position  signals 
computed  external  to  the  Norden  unit.  The  p.athway  wa®  displayed 
as  an  earth  stabi.lized  roadway.  Perspective  cues  presented  it 
as  a  2h  foot  wide  pethv?ay  terminating  at  infinity'. 


The  cockpit  display  was  a  17-inch  telavision  monitor  which  was 
masked  to  provide  a  12  by  1.2  inch  image.  At  a  normal  viewing 
distance  of  23  inches  this  represented  a  30  by  30  degree  field 
of  view.  Ihe  vertical  display  television  monitor  was  located 
in  front  of  the  left  seat  in  the  cabin  and  positioned  so  that 
the  horizon  line  .of  the  display  was  situated  at  eye  level  when 
^  effected  a  ;?ero  pitch  angle  .  Figure  2  shows  the  contact 
analog  vertical  display  installed  in  the.  left  hand  position 
of  the  d\mamic  flight  simulator.  No  auxiliary  iristrunsents  were 
provided  in  conjunction  with  the  vertical  display  for  quantita¬ 
tive  flight  information. 


Command  altitude  X'jas  referenced  to  tiie  pathway  which  was 
progi'amed  LOGO  feet  above  the  grid  plane.  The  S^,  by  keeping 
the  pathway  in  its  initial  condition,  could  maiiTtairi  proper 
altitude.  Airspeed  was  held  at  a  constant  SO  knots  by  reckon¬ 
ing  the  closing  rate  of  the  pathway  tarstrips  and  by  maintaining 
the  appropriate  pitch  down  attitude.  A  command  heading  of  zero 
degrees  was  maintained  by  keeping  the  pathway  aligned  to  the 
center  of  the  display.  Course  deviation  was  indicated  by  dis¬ 
placement  from  the  near  end  of  the  pathway  to  the  right  or  left. 
Limits  of  pathway  s  a  tur  at  ion  were.  .^3  QQ  feet  in  the  lateral  p^lane 
and  _^10Q  feet  in  the  vertical  plane.  Beyond  these  limits  the 
pathway  remained  at  the  limit  value.  The  equation  for  helicopter 
velocity  along  the  pathway  was  ==  Videos  ^  V^sin./g 
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where  Vj^  =  north  component  of  velocity, 

V{?  -  east  component  of  velocity,  and 
^  ~  eonurtand  (pathway)  heading, 

B.  Standard  Instrument  Dlaplay 


Figure  1  shows  the  standard  instrument  display  installed  on  the 
right  sid©  of  the  simulator  cabin.  Included  on  the  standard 
instrument  panel  were  the  following  Instruments: 


(1)  Airspeed 

(2)  Attitude  gyro 

(3)  Altuaeter 

ik)  Gross  pointer  position 

X53- — DiE’eebionai  -  gyre - 

(6)  Rate  of  climb. 


The  same  analog  voltage  used  to  drive  the  vertical  display  pathway 
taratrips  was  used  to  drive  &  panel  meter  labeled  airspeed.  This 
voltage  was  proportional  to  helicopter  velocity  along  the  pathway 
as  opposed  to  velocity  along  the  helicopter  heading. 

The  artificial  horizon  on  a  Lear  Model  4005G  remote  attitude 
indicator  reproduced  the  sarae  information  in  pitch  and  roll 
that  was  presented  on  the  vertical  display.  This  indicator 
was  designed  for  synchro  irsputs.  Since  pitch  and  roll  infor¬ 
mation  was  available  in  a  d-c  analog  voltage  form,  it  was 
necessary  to  process  these  data  in  a  modulator.  The  resulting 
a~c  synchro  signals  were  applied  to  the  Lear  Model  5405G  attitude 
indicator  amplifier  and  thence  to  the  indicator.  The  scale 
factor  used  in  both  attitude  chaiinels  was  100  volts/radian. 

Altitude  data  on  the  standard  instrument  panel  was  displayed  on 
a  standard  three  pointer  altimeter.  An  analog  voltage  of  64 
feet  per  volt  was  the  driving  force. 

Vertical  and  lateral  deviation  data  were  reproduced  on  the 
standard  instrument  panel  by  an  ID453  indicator  which  is  nor¬ 
mally  used  in  an  instrument  landing  system.  The  vertical 
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needle  on  the  instrument  indicated  lateral  ieviation  (right  or 
left)  from  the  pathway.  It  wsa  driven  to  fu.'*  scele  by  &  dev¬ 
iation  from  the  pathway  of  ±50  feet,  either  laterally  or 
vertically. 

Heeding  informetion  was  displayed  by  @  radio  compass  indicator, 
which  in  turn,  was  driven  by  b  synchro  sigrisl  from  the  computer. 
Limits  of  heading  change  were  540  degrees  from  the  initial  posi¬ 
tion  , 

Rate  of  climb  displayed  on  ©  panel  meter  ealibrs ted  in 
hundx*eda  of  feet  per  minute, 

C,  N’jmerical  Readout  Device 


A  numerical  readout  device  (Burroughs  ’’Niaiie"  Tube)  and  a  display 
warning  indicator  (ineandescent  pilot  Ismp)  were  installed  on 
the  lower  right  hand  corner  of  each  panel  14  inches  to  the  right 
and  14  inches  below  the  center  of  each  display  array.  These  may¬ 
be  seen  in  Figure  I,  The  dispiacetaent  of  the  Indicators  ensured 
that  the  Ss’  field  of  vision  be  shifted  to  read  the  numbers 
presented  on  the  indicator.  The  nixie  tubes  were  1/2  inch  in 
diameter  and  displayed  3/8  inch  numbers.  An  equipment  descrip¬ 
tion  of  the  random  nmtsber  generator  is  found  in  Appendix  A, 


Ten  Sb  participated  in  the  e^speriment.  All  were  employees 
of  Bell  Helicopter  Gorftp@ny.  Each  was  either  a  helicopter  or 
fiKed  wing  pilot  or  had  extensive  previous  experience  in  per¬ 
forming  tasks  in  the  dynamic  aifaulator.  Elsch  wss  thoroughly 
familiarized  with  both  the  contact  analog  vertical  display  and 
standax-d  instrunjentat ion  and  was  proficient  in  operating  the 
-dynamic  s-itnulst 


Q.  rt 


PROCEDURE 


sk  and  Traininc 


to  the  initial  training  trial  on  each  display  the  vertical 
(VD)  and  the  standard  instrusrient  panel  (SD^  instruc- 
(Appendix  B)  were  to  the  S,  stating  that  the  purpose 

mine  the-  visua.!-  free  time  & 
ing  a  traekinfi  taak  ismintain 
rspeed  ^  1000 


simulated  flight  conditions. 

During  the  training  or  pra-test  phase?  each  was  trained  on 
three  minute  trials  until  he  perfDi^med  the  tracking  task  within 
a  predetermined  eriterfors  on  three  successive  trials  on  each  of 
the  two  disDlav  systems.  The  criterioti  was  established  on  the 


LOGO  £@et 


ficiency  and  were  sufficiently  trained  to  enter  the  tasting 
sf  the  experifflent , 

B.  Design  and  Test  Sessions 


T'&ra  test  sessions,  each  consisting  of  10  three  minute  trial 
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ny  Questions.  I’n 


trial  of  each  se 


thisj  five 
ical 


QQ 


Thereafter,  five  trials  were  run  on  the  other  display,  in  this 
case  the  standard  instrijunents ,  with  this  sequence  reversed.  The 
second  test  session  was  designed  to  counterbalance  the  display 
presentation  of  the  first  session  while  maintaining  the  reversed 
sequence  of  rate  presentation  as  set  forth  in  Session  1. 

In  this  manner,  a  counterbalanced  sequence  for  rate  presentation 
and  display  presentation  was  established.  The  foregoing  expla» 
nation  is  illustrated,  by  S,  in  Table  L  This  counterbalance  of 
presentati.ons  was  intx"oduced  to  minimise  the  effects  of  practice 
and  fatigue  on  performance.  A  two  minute  interval  between  trials 
allowed  the  E  time  to  record  perfomance  scores,  note  reading 
erz'ors  and  instruct  the  S  in  repositioning  of  controls  for  the 
next  trial.  The  display  not  being  utilised  was  disengaged  and 
panel  lights  turned  off.  Information  pertaining  to  individual 
performance  was  withheld  from  the  S  until  completion  of  testing. 

C .  Measures  of  Performance 


ABODE 
B  C  A  E  D 
C  D  E  A  B 
D  E  B  C  A 
E  A  D  B  C 
E  D  C  B  A 
D  E  A  C  B 
B  A  E  D  C 
A  G  B  E  D 


VI.  RESULTS 


The  results  of  the  experiment  are  presented  in  the  form  of 
Absolute  Integrated  Errors  (AIE;  ot  command  heading,  altitude, 
airspeed  and  course.  Parametric  analyses  of  variance  were  run 
on  each  of  the  four  dependent  variables  to  test  for  tree tment 
mean  dif t'erersces  for  each  Displays  and  Reading  Rates  and  the. 
interaction  of  Displays  and  Reading  Rates.  The  number  of  ob¬ 
servations  were  equal  in  each  of  the  various  treatment  groups. 

The  main  effects  of  Displays  and  Reading  Rates  were  submitted 
to  F  tests  for  over-all  mean  differences.  The  F  test  being  very 
insensitive  to  non-normality  and  with  equal  N's  being  also  in¬ 
sensitive  to  variance  inequalities,  violations  of  the  assumption 
of  homogeneity  x<?ere  ignored  as  possibly  affecting  the  sensitivity 
of  the  F  test  (Box,  1953). 

In  each  case  where  an  F  ratio  was  computed,  the  over-all  treat¬ 
ment  mean  differences  were  accepted  as  significantly  different 
if  the  .01  level  of  confidence  was  achieved,  i.e.,  the  acceptance 
of  chance  occurrence  of  the  treatment  mean  differences  was 
restricted  to  one  time  in  100,  In  those  cases  where  a  signifi¬ 
cant  F  ratio  (P  >  .01)  was  found  in  the  analysis  of  variance,  a 
Duncan’s  range  test  was  computed  to  test  for  individual  treatment 
mean  differences.  Again,  the.  ,01  level  of  confidence  was  accepted 
as  reflecting  significant  mean  dif £j^elIces...f.C5r_.-^cli--of  — the-me-an 
'comparisons  thus ^restricting  a  chance  occurrence  of  the  mean 
differences  to  one  time  in  100. 

The  following  were  obtained. 


I,  Altitude  ”  Figure  2  is  a  graphic  representation  of  the 
mean  AIE  of  sltltiade.  It  can  be  seen  that  under  0  Reading  Rate, 
where  no  digits  ware  presented  (RR-0)  that  perfomance  on  VD 
and  SI  xv'Es  relatively  close  but  as  the  reading  rates  increased, 
the  AIE  on  both  VD  and  SI  increased.  The  increase  in  errors 
tended  to  be  greater  on  SI  than  on  VD. 


Results  of  an  analysis  of  variance  run  on  the  altitude  errors 
are  found  in  Table  I  ,  Appendix  D  ,  The  analysis  revealed  that 
the  over-all  mean  differences  in  Rates  were  statistically  signi¬ 
ficant  at  the  ,01  level  of  confidence.  The  over-all  main  effects 
of  Displays  was  not  significant  nor  was  the  interaction  effects. 


Sines  the  F  ratio  altitude  arrars  undsr  Displays  did  not  approach 
the  .01  level  of  _signif  icanc® ,  the  mean  errors  of  VD  and  SI  under  « 
of  the  five  reading  rates  were  summed  together.  The  summed  mean 
errors  for  the  five  reading  rates  were  submitted  to  the  Duncan’s 
multiple  comparison  test.  To  apply  the  test  the  reading  rate 
means  were  arranged  in  the  order  of  magnitude,  as  in  Table  i  , 
Appendix  E.  Mean  differences  were  then  compared  with'  the  si 
f leant  ranges  which  were  determined  by  multiplying  each  signT 
cant  studentfged  range  with  the  standard  error  of  the  mean  ' 


Mean  sbaolute  error  of  heading  for  SI  and  VO  xmder 
five  conditions  of  numeric  presentation  per  mimite 
of  additional  visual  inforraation 


-  "  Figure  3. 

The  ten  individual  treatment  means  of  heading  error  were  arranged 
in  the  order  of  magnitude  and  the  Duncan’s  range  test  applied. 

The  test  for  mean  differences  is  found  in  Table  II „  Appendix  E 
No  significant  differences  were  found  to  exist  in  mears  heading 
errors  of  VD  for  the  10  S_s  under  Rates  0,  80  and  120,  nor  under 
Rates  200  and  360,  but  a*”sign  if  leant  increase  was  found  in  the 
heading  errors  when  going  from  Rate  120  to  200.  There  were  no 
significant  differences  in  heading  error  on  SI  under  R.ates  0 
and  80,  but  Rat€»s  120,  200  and  360  were  each  statistically  dif¬ 
ferent. 

3'  Airspeed  ~  A  graphic  representation  of  the  mean  airspeed 
errors  for  ten  Ss  is  found  in  Figure  b  ,  it  is  seen  that  under 
Rates  0  and  80  rhe  airspeed  error  was  greater  on  VD  but  under 
Rates  120,  200  and  360  the  airspeed  errors  became  greater  ors  SI. 

It  is  also  seen  that  the  increase  in  errors  was  proportionately 
greater  for  the  SI  than  for  VD  as  Rates  increased. 

The  summary  of  an  analysis  of  variance  for  the  airspeed  is 
found  in  Table  III ,  Appendix  D  .  The  analysis  reveals  that 
Displays,  Rates  and  the  interaction  of  Displays  and  Rates  were 
each  statistically  significant  at  the  »01  level  of  confidence. 

The  Duncan’s  test  was  applied  to  the  mean  airspeed  errors.  The 
results  of  the  test  are  shown  in  Table  III,  Appendix  E. 


c/3  ^-1 


Mean  absolute  error  of  airspeed  for  SI  and  VD  under 
five  conditions  of  nuffleric  presentations  per  minute 
of  additional  visual  infortnation 

Fi  gur e  4 . 


The  results  of  the__test  are  as  followgj _ 

(1)  The  range  of  means  including  SI  “•  80,  VD  -  0,  and 
TO  “>  80  was  significantly  greater  than  SI  -»  0, 

(2)  The  ranges  of  means  revealed  VD  -  0  and  VD  -  80  were 
not  significantly  different,  but  SI  “  80  was  signifi¬ 
cantly  less  than  VD  “  120. 

(3)  The  ranges  of  means  showed  VD  •»  80  and  VD  ■=  L20  to  be 
non-signif icant 5  and  VD  -  L20  and  SI  -  120  to  be  non- 
significant,  but  tiiat  VD  -  80  was  significantly  less 
than  SI  -  120. 

(4)  The  means  of  VD  -  200,  VD  -360,  SI  -  200  and  SI  -  360 
were  each  significantly  different  when  compared  with 
every  other  ,r.ond it  ion. 

Track  ~  Track  mean  errors  of  the  ten  '  performance  on 
I  and  VD,  as  they  were  affected  by  Rates,  are  found  in  Figure 
«  It  may  be  noted  that  considerably  gr«»ater  track  errors  were 
ecorded  on  SI  under  each  of  the  five  reading  rates. 

To  test  for  the  statistical  significance  of  the  differences  in 
displays  and  rates  the  track  mean  errors  were  submitted  to  an 
analysis  of  variance.  A  aummarj?  of  the  analysis  is  shown  in 


Mean  absclutt  error  of  lateral  displacefflent  for  SI 
and  VD  under  five  conditions  of  nuraerie  presentations 
per  minuts  of  additional  visual  infortijation 

Figure  5. 

Table  IV*  Appendix?  D*  Main  effects  of  both  Displays  and 
it  is  seen^  exceeded  the  .01  leve I  of  c on fid g nc e _£ or  over-all 
meair^di^'erences',  ^o'sighTfic^ht  interaction  was  revealed  by 
the  analysis. 

A  Duncan’s  test  of  the  track  mean  errors  on  the  two  displays 
under  five  reading  rates  is  found  in  Table  IV^  Appendix  E. 

The  test  revealed  tbsat  all  conditions  of  track  errors  were 
significantly  different  at  the  .01  level  of  coiifidence  except 
in  the  comparison  of  VD  -•  80  with  VD  -  120  which  was  not 
significantly  different  at  the  sarae  level  of  confidence. 

5.  Combines^  -  A  combined  error  score  was  computed  by  aim 
a  DroDortTonST~error  score  in  each  cell  for  altitude,  heading » 


was  obtained  by  dividing  the  individual  error  scores  in  each 
cell  by  the  over-all  mean  for  that  parameter.  This  provided 
standard  base  line  for  weighting  the  errors  contributed  bv  e 


vided  as  over-all  index  of  performance  on  each  of  the  two  displays 
under  five  reading  rates.  The  results  of  combining  the  four 
dependent  parameters  is  graphically  illustrated  in  Figure  6. 

It  may  b®  noted  that  the  combined  mean  errors  were  always  less 
on  the  VD  under  the  five  rates  arid  that  the  increase  in  errors 
as  a  function  of  rates  was  proportionately  less  on  VD. 
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Qp  PhE$‘£MTATION$  PE, 
yiMUTE  OF  ADDITIONAL  VISUAL 


Mean  absolute 
and  VD  under 
per  minute  of 


error  of  coiobined 
five  conditions  of 
additiorial  visual 


error  score  for  Si 
nu®eric  presentations 
infontsation 


Figure  6. 


?“L2?SnttL«“rtSe'”SfflSnLT«"  ““  *“ 

under  five  reidinJ  ?LI?  rf SI 
ences.  The  results  of  the^t-aer^  ^  range  of  mean  differ- 
E.  NO  di£fe?“«i  weL  «vSL  amonr?hf 

under  the  five  ^e^dins-  retf.®  L  ot®  errors  for  ¥D 

that  Rates  oI  bB  “d  faS  iJri  „  ?  it  was  found 

Rates  120  and  200  were  not  JLnff ^ different,  and 

tly  200. 


was  significantly  greater 
Summary  of  Results 


Rate  360 


‘=”‘’^"“8  SI  and 

The  table  reveals  that  Rates  produced  fo^vignlfifS 
in  comparing  altitude  errors  on  VD  with  altitilr^Lri  0^?!*^ 
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Table  II 

COMPARISON  OF  S I'A^irW'ERROR  DIFFERENCES 
UNDER  EACH  OF  FIVE  READING  RATES 


Airspeed  VD*  NS  NS  SI*  SI* 


Combined 


NS  Indicates  Non-^aignif ica^nee 


Be ':h  heading  and  track  mean  errors  were  consistently  greater  on 
SI  for  the  five  reading  rates  than  on  VD.  Airspeed  error,  it  may 
be  noted  5  was  significantly  greater  for  VD  errors  under  .Rate  0, 
noB“-signlf leant ly  different  on  Eatea  80  and  120,  and  significantly 
greater  on  SI  under  Rates  2Q0  and  360«  It  is  seen  that  the  coffi” 
bined  mean  errors  were  significantly  greater  on  SI  under  Rates 
200  and  360  than  the  VD  mean  errors  under  the  respective  rates. 


Table  III 

COMPARISON  READING  HATES 

AS  REFLECTED  BY  SI  AND  VD  ERRORS 


NS  Indicates  Non-significance 


Table  3  is  a  suasnary  of  the  effects  of  irscreased  reading  retes 
of  faean  ©rrori  for  each  SI  and  VD,  Inspection  of  the  table  shews 
that  the  trend  of  the  result®  on  SI  wai  generally  to  have  ©igni- 
ficantly  greater  error  as  reading  rates  increased  from  0  to  360. 
On  the  other  hand,  it  may  b€  noted  from  the  table  that  the 
suits  on  VD  ex-xors  was  relatively  unaffected  by  an  increase  in 
Rates  0  to  120  with  a  general  increase  in  error  occurring 
Rate®  200  and  360. 


VII.  DISCUSSION 


The  results  of  this  study  may  be  considered  as  a  very  preliminary 
examination  of  the  visual  work  load  imposed  upon  the  pilot  by 
two  different  types  of  flight  displays,  the  pictorial  display 
(the  JAfi4IR  display)  and  a  series  of  symbolic  or  semi-symbolic 
displays  (standard  instruraent  flight  displays).  Only  one 
-^atreuver  was  examined"  but  the  results  Indicate  that  a  continued 
effort  in  this  direction  might  be  escpsditious .  The  distinct 
superiority  of  the  pictorial  display  was  indicated.  This  super¬ 
iority  v/as  not  in  terms  of  improved  performance  since  this  was 
not  the  direction  of  the  study.  It  was  instead  in  terps  of  the 
amount  of  visual  free  tirae  peitaitted  w»ith.  one  display  over  that 
permitted  by  another  when  perfonaancc  was  equal. 

The  interpretation  of  the  phenomena  which  permitted  these  results 
leads  in  three  directions.  The  first  thesis  that  mi^ht  be  pro¬ 
posed  to  explain  this  suggests  that  the  instnament  pilot,  when 
using  a  pictorial  instrment  display,  operates  like  the  VFR 
pilot,  thereby  performing  with  a  combination  of  information, 
which  samples  both  general  and  specif ie  flight  ^erforEiance  data. 
Standard  symbolic  displays  present  only  specific  or  quantita¬ 
tive  information.  The  type  of  display  array  currently  used 
for  instrument  flight  requires  continuous  and'  rapid  shifting 
of  the  eyes  in  order  to  maintain  a  semblance  of  continuous 

monitoring  of  each  desired  _flight  perfqrmncjL Jp^rametcr _ 

"^thesC“dlspla-ys~i.re“bf  a  quantitative  nature,  they  require  a 
complex  series  of  mental  processes,  i.e.,  time  to  be  read,  to  be 
recorded  and  to  be  interpreted.  It  is  logical,  therefore,  to 
aas-ume  that  the  perceptual  channel  lOon  becomes  loaded  with 
this  method  of  monitoririg.  On  the  other  hand,  with  a  pictorial 
display  a  pilot  may  select  qualitative  or  quantitative  infor¬ 
mation.  A  large  amount  of  his  visual  checking  time  raay  require 
only  generalised  cr  qizalitative  data.  From  standard  instrumen¬ 
tation.  it  is  not  possibi®  to  achieve  this  information;  with 
the  pictorial  display  this  is  possible.  It  may  be  asstaaied  that 
the  pilot  can  assimilate  the  pictorial  qualitative  iriforraation 
more  quickly  than  its  counterpart. 

A  second  thesis  suggest®  that  with  th®  JARAIR  type  display  the 
pilot  may  accmulat©  information  on  more  than  one  flight  param¬ 
eter  at  a  glance.  This  again  should  b®  saving  in  terms  of 
Loading  the  visual  channel. 

The  third  possible  explanation  for  the  superiority  of  the  JANAIR 
pictorial  display  may  bs  that  it  i®  configured  in  such  a  manner 
that  it  may  be  viewed  in  the  peripheral  viewing  area.  Foveal 
vision  is  not  necessarily  required.  The  additional  visual  task 
which  was  required  in  this  study  in  order  to  estimate  visual 
overload  'was  presented  in  a  remote  corner  of  the  instrument 
panel  in  both  instrument  displays.  It  vas  found  that  peripheral 


monitoring  of  tlie  JAN’AIR  display  was  possiljle  when  fovea  I  vision 
was  attending  the  secondary  display. 

i  he  end  resuls  may  thus  be  that  the  pictorial  JANA  IR  display 
does  not  require  the  same  amount  of  scanning  time  or  visual 
channel  loading  es  do  standard  IFR  displays  in  order  to  main¬ 
tain  a  continuous  awareness  of  each  of  the  flight  parameters 
with  a  subsequent  equal  perf  ortnance  ^  .  -  - 

The  data  indicate  s  strong  difference  between  the  two  displays 
as  the  additional  visual  load  increases*  Significant  differences 
were  indicated  between  the  two  display  conditions  for  certain 
performance  measures  when  apx  additional  visual  task  was  im¬ 
posed.  This  difference  increased  to  include  almost  all  per¬ 
formance  measures  as  the  visual  work  load  was  increased  to  the 
maximum  tested.  As  the  visual  load  is  increased  on  the  standard 
panel  5  perf  orinance  decrement  is  significant  between  presentation 
rates.  This  was  not  the  case  with  the  JANAIR  display. 

The  results  of  this  study  indicate  that  further  attention  should 
be  directed  to  the  questions;  (1)  Wltat  effect  does  increased 
vistsal  load  have  on  other  manetivera?  (2)  Can  the  display  b® 
improved  to  permit  even  better  perforrasnee  with  additional 
vis.tial  load?  (3)  How  can  the  definition  of  visual  work  load 
be  improved?  and  (^)  Wiat  is  the  esstent  of  utilization  of  the 
visual  field  when  employing  the  JAflAIR  display? 


VIII.  SUM^-iARY 


The  study  reported  in  this  document  compared  two  instriirrient 
panels  (the  JANAIR  vertical  display  and  the  standard  instrument 
flight  display)  in  terms  of  the  amount  of  visual  free  time 
which  was  available  when  performance  using  these  two  displays 
was  equal. 

The  task  was  performed  in  the  JANAIR  Bell  Helicopter  Company 
dynamic  flight  simulator »  Pilots  were  required  to  fly  a  straight 
and  level  course  maintaining  altitude,  headings  track  and  air¬ 
speed.  A  forcing  function  introduced  a  rough  air  component  to 
this  task.  Performance  on  both  displays  was  equated  in  a  testing 
period.  Criterion  was  equal  to  or  better  than  F.A.A.  standard 
instrument  flight  criterion.  The  subjects  were  then  tested  to 
determine  their  free  visual  time.  This  was  achieved  by  intro¬ 
ducing  a  secondary  visual  task  which  required  art  oral  reading 
of  mifflbers.  These  were  presented  at  rates  varying  front ^aero  to 
two  per  second.  Performance  measures  Included:  deviations 
from  the  standard  or  prescribed  airspeed,  altitude,  heading 
and  track  in  terms  of  integrated  absolute  error. 

Results  indicated  that  the  pictorial  JANAIR  display  was  by  far 
the  superior  display  as  the  visual  work  load  increased.^  This 
was  reflected  in  the  decrement  of  performance  on  the  prirasry 
^  tlgh  tr  w^isuax^t  as  k ,  llie^performance^^slng^^the-verhicai: 
display  remained  relatively  stable  while  that  of  the  standard 
instruments  decreased  proportionately  with  the  increased  read¬ 
ing  rate. 

It  is  hypothesized  that  these  results  are  due  to  three  factors. 
First  is  the  utilization  of  qualitative  information.  This 
apparently  requires  more  mental  processing  than  doe®  interpre¬ 
tation  of  standard  instrumentation.  Second  is  the  integrated 
presentation  of  more  than  one  flight  performaincs  parameter,  ^Third 
is  the  ability  of  the  pilot  subjects  to  read  the  JAMIR  vertical 
display  with  peripheral  vision. 

The  results  suggest  that  additional  information  is  desirable 
in  tenns  of  extent  of  perceptual  work  load  which  can  be  assigned 
to  the  pilot  when  iising  the  JANAIR  flight  displays. 
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APPENDIX  A 


Equipment  Description  -  Random  Number  Generator 


In  order  to  control  the  variables  called  for  by  the  visual  free 
lime  study,  a  master  control  renter  and  time  base  generator 
were,  designed  and  built.  These  two  cismponent.s  of  the  Random 
Number  Generator  (see  Figur®  7  )  are  separately  described  below. 

1.  Time  Base  CTer.erator  -  A  transistorized  bi-stable  multivi- 
bratoF~Ts  used  to  determine  the  duration  of  each  nuraeral  to  be 
displayed  to  the  subject  and  also  to  control  the  time  interval 
between  numbers  (see  Figure  3).  The  time  base  generator  is 
housed  in  the  smaller  of  the  two  sloping  panel  cabinets  shown. 

It  is  necessary  to  house  the  generator  and  control  circuitry 
in  separate  cabinets  in  order  to  ensure  that  the  multivibrator 
will  not  be  triggered  by  stray  magnetic  pickup,  A  rotary  switch 
on  the  front  of  the  time  generator  panel  selects  one  of  our  dis¬ 
play  intervals.  The  positions  and  their  corresponding  times  are: 

V"'.,  ^ 

Position  Interval  (Seconds) 


A  1.75 

B  1.0 

G  0.5 

D  0 


“^egaYdTess  oi  "the  position  of  this  selectors  each  numeral  is 
ON  for  0.5  second.  Power  is  supplied  to  the  time  base  generator 
by  a  22.5  volt  dry  cell  battery  which  is  controlled  by  a  toggle 
switch  (ON/OFF)  on  the  front  panel. 


2.  Control  Circuitry  -  Figure  3  shows  the  control  circuitry 
hous€3~Tir~tlTe~TargsFof  the  two  sloping  panel  cabinets.  Con¬ 
trols  and  indicators  and  their  related  functions  are  as  follows; 


a.  Warniiw  -  This  pilot  light  is  wired  in  parallel  with  the 
warningTItHicators  on  the  vertical  display  and  the  standard  in¬ 
strument  display.  This  lamp  lights  in  step  with  the  nuraerals 
displayed  by  the  "NIkIs  Tubes”, 

Numerical  Readout  Devic^  -  For  this  study  only  the  "units" 
tube  was  utTlTieT!]  tHeriTore ,  the  left-hand  and  middle  tubes 
were  covered.  Each  individual  tube  is  driven  by  a  rotary  stepper 
switch,  the  contacts  of  which  are  wired  to  give  a  predetermined 
sequence  of  numbers.  The  units  position  relay  has  forty  posi- 
tioris,  the  tens  position  relay  has  fifty  positions,  and  the 
hundreds  position  relay  has  twenty-four  positions.  Because  all 
three  steppers  are  driven  at  the  same  time,  a  large  number  of 
three  digit  numerals  could  be  displayed  before  the  sequence 
repeats  itself.  When  using  the  "units”  position  digit  alone 
(forty  digit  sequence),  subjects  were  unable  to  detect  a  repeti¬ 
tion  of  the  sequence. 


c.  stop  ~  This  control,  when  depressed,  removes  the  drive  sig¬ 
nal  to  the  tirne  base  generator  which  in  turn  controls  the  readout 
devices  and  warning  indicators*  Thus  it  is  possible  to  interrupt 
a  run  should  this  herome  necessary.  This  control  also  actuates 
a  relay  which  conti'ols  the  flight  simulator  analog  computer, 
iiepressing  the  STOP  button  effectively  places  the  computer  into 
t  lie  re  se  t  mode  . 


“  Inst-'Vd  -  This  toggle  switch  controls  which  nursierical  read¬ 
out  and  warning  light  combination  will  be  actuated  by  the  random 
number  generator.  When  the  switch  is  in  the  INST,  position,  the 
"Nixie  Tube"  and  warning  lamp  on  the  vertical  display,  side  are 
rendered  inoperative.  Likewise,  when  the  switch  is  in  the  VD 
position,  supply  voltages  to  the  indicators  on  the  standard 
instrument  side  are  removed. 

Selector  -  As  each  numeral  is  displayed,  two  other  stepg^r 
relays  are  actuated  which  together  count  the  number  of  displays 
presented  during  one  trial.  The  steppers  are  so  wired  that  at 
the  end  of  80,  120,  200,  or  360  displays,  an  automatic  STOP 
signaT'is  generated.  The  SELECTOR  switch,  by  its  position, 
determines  when  the  random  number  generator  will  be  cormanded 
to  stop.  Position  A  corresponds  to  80  nimibers,  B  to  120  nutabers, 
C  to  200  numbers  and  D  to  360  numbers. 

Re  se  t  ~  The  two  counting  relays  described  in  Paragraph  IIC2e 
abwe„mu#tL.be;--jnarmall»^eseL-  ^epresBtng"ttil 

RESET  button  places  the  counting  circuitry  in  the  zero  position 
for  the  next  trial.  Also,  the  number  logic  relays  described  in 
Paragraph  IIC2b  do  not  receive  an  advance  pulse  after  the  last 
number  in  a  giverTTfral.  Therefore,  a  manual  advance  signal  to 
these  steppers  is  generated  each  time  the  RESET  button  is  de¬ 
pressed. 

g.  Power  -  Four  different  volcages  are  required  for  the  opera¬ 
tion  oFTEe  random  number  generator:  +28  VDC,  +300  VDC,  I15V 
60  CPS,  and  +22.5  VDC,  The  first  three  of  these  voltages  are 
controlled  by  the  two  POWilR  toggle  switches. 

b.  Next  Number  -  When  this  button  is  depressed  the  number 
di splay~oH~tEe~'^ster  control  center  comes  on  in  advance  of  the 
next  display  command  signal.  Numeral  displays  in  the  dynamic 
cabin  do  not  come  on  when  this  button  is  depressed<>  Thus,  the 
experimenter  may  monitor  the  up-coming  number.  This  button  is 
also  used  at  the  start  of  each  trial  to  assure  that  the  number 
logic  relays  are  indeed  in  the  ^sro  position. 

i.  Start  -  When  this  button  is  depressed,  a  latching  relay 
is  energTi'ed  which  in  turn  supplies  a  drive  command  signal  to 
the  time  base  generator.  This  signal  remains  present  until  the 
STOP  button  Is  depre'^sed  or  the  automatic  stop  signal  is  gen¬ 
erated. 


3. 


Cali  bi'at  i  on 


a,  I-'  re  q  ue  nc  y  of  C  a  1  f  t>  ra  t:  i  on  -  In  order  to  assure  accuracy  to 

wi  thin~T7TT7the*^'a]TbraTTon  procedure  described  in  IIC3b  is 
performed  on  a  daily  basis- 


b .  Procedure  - 

(I)  Ui sconnect  Random  Number  Generator  from  Master  Control 
Panel . 


(2)  Select  prc<gram  D  on  the  tirrse.  base  generator  and  the  control 
panel. 

(3)  Depress  START  button  on  control  panel. 

(4)  Adjust  Rp  on  the  rear  panel  of  the  time  base  generator 

for  minimum  inter-di  splay  time  consistent  isjith  proper  re  lay- 
act  ion . 


(5)  Adjust  R2  for  180  seconds  t,2  sec.  program  duration.  '■ 

(6)  Select  programs  A  on  both  panels  of  the  Random  Numbers 
Generator. 

(7)  Adjust  for  180  seconds  i,2  sec.  program  duration, 

C8)  Repeat  steps  (6)  and  (7)  for  programs  B  and  C  using  Rg  and 
Rq  respectively. 

^ '  Analog  Computer  Setup 

1.  Equations  of  Motion  -  Th®  analog  computer  is  progranuned  to 
r e p r o 3 ucS~T'HF'^Ts^5 nsi’''”cVi a ract eristics  of  the  UH-l  helicopter. 


a.  Conversion  Factors  for  Absolute  Integrated  Error  --  Four 
flight  c HariTcterTFtTFs"’  ari*“ffi£ai'S^d"'?^r  tnfFTtuSyT^ Conversion 
factors  for  absolute  error  scores  a®  follo'sis : 

(1)  Airspeed:  1  knot  error  for  one  second  is  e 
volts . 


(2)  Altitude 


to  0,834 

1  foot  error  for  one  second  is  equal  to  0.0163 


volts . 

(3)  Heading:  L  degree  error  for  one  second  is  equal  to  0.735 
volts. 

(4)  Lateral  Deviation; 

0.24  volts. 


1  foot  error  for  one  second  is  equal  to 


Scoring  Circuitry  -  Figure  4  shows  the  i nterconnecti ons 
between  the  system  and  the  scoring  circuits  used  to  evaluate 
s  ub  je  c  t  re  s po n se  , 

i  brat  i  on  (See  Figui'e  4) 

A  separate  calibration  is  performed  daily  on  the  system  and  on 
the  sCQi'ing  circuits.  The  system  checkout  is  initiated  by 
placing  the  operate/calibrate  switch  in  the  calibrate  position 
and  the  pulse/score  switch  in  the  pulse  position^  (NOTE;  During 
calibration,  the  hydraulic  power  to  the  platform  is  removed.) 

The  setting  of  these  two  switches  (a)  removes  the  normal  pilot 
inputs  (cyclic,  collective  and  yaw)  and  substitutes  in  their 
place  a  standard  calibrating  pulse  (a  charge  capacitor  dis¬ 
charging  at  a  predetermined  rate).  When  the  Reset/Computa  switch 
is  placed  in  the  computer  position,  this  calibrating  pulse  drives 
the  various  computer  channels  at  predetermined  ratio.  The  cali¬ 
brating  run  lasts  for  10  seconds  after  which  the  computer  outputs 
(which  are  recorded  on  a  Sanborn  recorder)  are  compared  with  a 
known  response  curve.  In  this  raanrser,  any  malfunction  in  the 
rotor  pitch,  aircraft  pitch,  aircraft  roll,  V^,  heading, 

torque  or  altitude  channel  will  be  detected. 

To  initiate  the  scoring  calibration  sequence,  the  cperate/cali- 
brate  switch  is  placed  in  the  score  position.  This  applies  a 

fixed  voltage  in  place  of  the  normal  pi^o^  inp^s^_  The  system _ 

-ia-drherr-pi^ced-^TTr  the^'TSomputl^  cbnditlbh  for  ¥0  seconds  and  error 
scores  are  allowed  to  accumulate  on  the  scoring  circuits.  At 
the  end  of  thi®  run,  the  readings  of  the  h@ading,  altitude,  left 
deviation,  right  deviation,  airspeed  and  time  counters  are  com¬ 
pared  against  known  correct  readings. 

It  is  important  that  the  system  check  be  performed  and  found 
acceptable  before  beginning  the  scoring  circuit  test  inasmuch 
as  the  computers  drive  both  the  strip  recorder  and  the  scoring 
integrators . 

6.  Method  o£  Programming  Airspeed 

Airspeed  displayed  on  the  itandard  instrument  panel  wa®  velocity 
along  the  pathway, 

7*  Sensitivity  of  Pathway  Deviation  Meter  -  Pathway  deviation 
on  the  sta'n3aMTniTrm!intpiniT~xi“'Tn3L^ted  on  ®n  ILS  instru¬ 
ment  (ID  4S3).  Th®  sensitivity  of  this  instriment  i®  adjusted 
so  that  full  deflection  of  the  vertical  rseedle  (left  or  right 
deviation)  is  equal  to  300  feet  of  deviation*  Full  deflection 
of  the  horizontal  needle  (v®rtical  deviation)  is  produced  by 
an  altitude  error  of  100  feet*  Thes®  sensitivities  could  havt 
been  adjusted  to  any  other  setting*  The  optiKsu®  values  of  sensi¬ 
tivity  were  determined  during  th®  pretest  evaluation  p€riQd* 

This  lateral  deviation  was  chosen  to  be  identic®!  with  maximuffi 
deviation  of  the  psthvey  on  th®  VD  display* 
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PEND. 


Instructions  t  o  Ss  -  Traimne  Trials 


You  are  about  to  participate  in  a  study  to  help  us  determine 
which  of  two  aircraft  display  systems  provides  the  pilot  lyith 
the  most  visual  Tree  time  while  ''f lying''  a  command  headings 
altitude  and  airspeed.  The  two  display  systems  are  installed 
on  the  left  and  right  sides  of  the  dynamic  simulator  and  are 
identical  with  respect  to  control  input  and  system  output.  The 
difference  exists  in  the  means  of  displaying  the  simulated  air¬ 
craft’s  situation.  In  one  case,  standard  aircraft  instrumenta¬ 
tion  is  used  to  display  the  aircraft’s  situation.  In  the  other 
case,  the  same  information  is  presented  on  the  JANAIR  vertical 
display.  In  the  course  of  the  escperiment  you  will  be  asked  to 
perform  the  same  task  on  both  display  systems. 

(If  S  is  trained  on  instruments  first  read) 

You  will  notice  that  the  instruiasnt  panel  £s  composed  of  six 
standard  aircraft  instruments.  These  include  an  airspeed  indi¬ 
cator,  an  altimeter,  a  compass,  an  attitude  indicator,  a  rate 
of  climb  raster  and  a  position  indicator.  During  each  trial 
your  task  will  be  to  maintain  0-degree  heading,  80  knots  airsp 

and  1,000  feet  altitude. _ The  task  will  incIud^_jcarreetxng---£o^r 

flTght‘“"pat'h  "deviations  using  the  position  indicator. 

(If  S  is  trained  on  vertical  display  first  read) 

You  will  notice  that  the  instrument  panel  is  composed  of  a  T¥ 
screen  displaying  an  encoded  representation  of  the  real  world 
with  a  pathway.  The  pt'ithway  is  situated  at  a  1000  foot  alti¬ 
tude  on  a  0-degree  heading.  Tarstrips  on  the  path  are  spaced 
every  30  feet.  The  rate  at  which  they  are  passing  under  you  and 
the  pitched  down  attitude  of  the  ship  (indicate)  represents  80 
knots  airspaed.  During  each  trial  your  task  will  b@  to  maintain 
1000  feet  altitude,  O-dsgree  heading,  and  80  knots  airspeed. 

The  task  will  include  correcting  for  flight  path  deviations  usin 
the  position  indicator. 


TO  FOLLOW 


CEDING  INSTRUCTIONS , 


Each  trial  will  last  for  three  minutes.  Prior  to  the  trial  you 
will  be  given  a  chance  to  position  the  cyclic,  collective  and 
pedal  controls  to  maintain  80  knots,  lOOO  foot  altitude  and 
O-degree  heading.  There  will  be  a  gust  or  forcing  function  to 
require  you  to  make  constant  corrections  in  the  tracking  task. 


The  first  few  trials  may  be  regarded  as  training  trials.  You 
are  asked  to  perform  your  best  on  each  trial;  however,  do  not 


be  concerned  if  at  first  you  do  not 
high  Level  of  proficiency. 


task  with 


During  the  training  sc,n<iions  you  will  have  an  opportunity  to 
practice  the  tracking  task  on  both  displays  until  your  perform¬ 
ance  meets  a  criterion  we  have  established  for  each  display 
system. 


APPENDIX  C 


Instruct iona  to  Ss  -  Test  Trials 

On  a  nisie  tube  located  at  the  lower  right  aide  of  the  instru¬ 
ment  panel  ti?e  are  capable  of  displaying  digits  at  various  rates. 
There  are  four  rates  at  which  these  digits  appear.  (Present 
each  rate  to  S  for  30  seconds  and  ask  hins  to  read  them).  During 
the  nes^t  series  of  trials  you  will  be  required  to  read  each  digit 
that  appears  on  the  while  ’’flying”  the  tracking  task  you 

have  learned,  i.e.,  holding  1000  fest  altitud€j  80  knots  airspeed 
and  0-degrses  heading.  It  is  important  that  you  read  each  and 
every  number  that  appears  during  the  trial.  Our  ability  to 
utilize  your  data  depends  upon  our  knowing  that  you  have  read 
every  digit. 

Prior  to  the  connKienceffient  of  each  trial,  I  will  indicate  the 
rate  at  which  the  digits  will  appear.  The  rate  will  remain  con¬ 
stant  throughout  the  three  minute  trial.  At  the  presentation  of 
each  digit  b  light  will  b®  illttainated  just  above  the  niscie  tube 
to  indicate  that  digits  are  being  displayed.  _ 


Let  m&  repeat,  you  must  at  all  costs  read  each  and  every  number 
at  the  rate  they  appear  regardless  of  the  produced  effort  upon 
your  tracking  perforrsancs .  Otherwise,  we  will  be  unable  to 
utilize  the  data. 

Any  questions  before  we  start? 


P  £2;  Q  0^ 


TABLE  I 


SUI'^RY  OF  ANALYSIS 
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DUNCAN'S  TEST  APPLIED  TO  THE  COMBINED  ERROR 
FOR  FIVE  READING  RATES  UNDER  SI  AND  VD 
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